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model incorporating running pr 
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from preliminary tests of a 1/10 scale 
spellers and utilizing a lowepowered motor 


(15HP maximum). The motor, which was readily available for these early 


tests, provided only enough power to simulate hi 
at very low test "g's" | 


1 


n 


sulted in preliminary data of extremely low Reynolds Number wit 


siderable test point scatter, 


provide more reliable data ‘at a higher Reynolds Number. 
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A largo model (.15 scale) with a 75 HP motor is being constructed to 
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This report contains e data from lowespeod wind tunnel tests of a 1/10 
scale model of the Model 5 plane with running propellers. The tests were 

made in the Ge by 12=foot test section of the Convair Wind Tunnel in two test 
periods from March 8 to March 12, 1951 and from May 2 to May 18, 1951, 191 W.T. hours 


ir 
ቴ 


The purpose of these tests was to obtain basic stability and control 
characteristics of the complete configuration, with and without power effects 
in the level flight attitude, and in a hovering condition in free air and near 
the ground. Runs wore made at dynamic pressures of O to 104 Un, /sqofbe de 
pending upon the flight condition being simulated. 


Two complete configurations were tested as shown on pages 5 and 6 and in 
Photos No. 1 through 4. The first configuration tested, shown on page 5 and in 
Photos No, 1 and 2, had a simplified wing with a flat plato section. Vertical 
tails for this re ion had 25% chord fullespan rudders. This configuration 
was tested in runs 1 through 66, The second configuration, shown on page 6 and 
in Photos 3 and 4, was tested in the second test period, beginning with run 

67, This configuration differed from the first configuration in the following 
respects 


The wing had. a NAGA 63-009 airfoil section instead of a 
n prate section, 


LS cO 


span rudder. 
A new set of oleos was installed, 
Wing tip gun pods were separate from the oleose 


(a 
( 
z 
( 
| 


) The rudder was changed *o a constant See partial- 


Ui ነ 


The model was mounted on the tandem support system using two main struts 
and ‘the E system was entirely shielded. Photographs No, 7 and ጊጊ show 
the support system used in the two phases of this test. 


Pitch runs were made by rotating the model 90° and yawing the balance 
system. Six component data were recorded on all runs, The ee of slipe 
stream were determined by running a constant thrust coefficient; m throughe 
out the pitch and yaw Pee The thrust coefficient was held approximately 
constant by holding RPM constent at the value obtained at zero degrees pitch 
and yawe This method of EE the effects of slipstroam was verified in 
runs 31 through $5 by holding constant thrust and recording the RPM throughout 


the rune 


Pressure distributions were obtained by taping "mice" on the wing, tail 
and body and recording the pressures photographically. In addition, the model 
was completely tufted and the flow was observed and photographed, 


Six component data ave plotted for most of the runs in Figures 1 ! 
29, These data pertain to the level flight and transition conditione Statio 
hovering data were not usable and are not presented. No pressure or tuft 
data are presented in this report but are in tho Convair Wind Tunnel files 


Force coefficients are based on wing area and referred to wind axese 
Pitching moment coefficient is based on wing area and mean aerodynamic chords 
Rolling and yewing moment coefficients are based on wing area and span. 
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A11 moment coefficients are referred to body axes, Body axes are defined as 
three mutually perpendicular axes, through the center of moments, of which 

the longitudinal and transverse axes are in & plane parallel to the wing and 
the longitudinal axis is also in the plane of symmetry, Angles of pitch and 
yaw are measured from the wind axes to the body axes, Moment data for the 
first 66 runs have been referred through the center of moments as shown in 

the moment diagram on page 5e Moment data for the second phase of this test 
were referred through the center of moments as shown in the moment diagram 

on page 6, The horizontal location of the center of moments is at 15% of 

mean aerodynamic chorde Tunnel wall corrections were applied based on unswept 
wing theory, according to the CVAL Computers Handbook, ZAel75, The effect of 
pitching the model in the horizontal plane, on the tunnel wall corrections, 

has been found to be approximately the same as pitching in the vertical plane 
for this size model, Aerodynamic tares including inclination drag tares were 
considered small and negligible. Static yaw tares were applied to all data 
where the balance system was yawed. All pressure data, although not presented, 
have been reduced to the dimensionless coefficient Ap/a and plotted against 
fuselage diameter, 


During the first phase of this test, runs 1 through 66, several modifications 
were tested, namely, large chord elevons, wing tip extensions to complete the 
delta wing, and antennae on the vertical tails. 


During the second phase af this test numerous fillets were applied to the 
intersection of the wing tip, oloo and gun pods and various arrangements and 
modifications of the oleo and gun pod were tested in an attempt to improve tho 
stall in Runs 67 through 89, Most of these changes were evaluated by tufting 
the model, and observing and photographically recording the flow patterne 


A model build-up was made from body alone to complete model in Runs 90 
through 129, Several of the best fillets from the tuft studies were used in 
the force tests. Basic stability and control characteristics of the complete 
model, power-off, were determined in this same group of runs, 


Pitch and yaw characteristics of the standard configuration with power 
were determined in Runs 172 to 200, A constant thrust was held during each 
run and the effect of propeller blade angles from 15° to 70° was obtaineds 
The effect of power on control effectiveness was also obtained, 


In the lattor part of the test an attempt was made to determine control 
effectiveness during hovering in free air and in close proximity to the 
ground. Runs were made with zero crossewind velocity, varying RPM; and at 
constant RPM, varying cross=wind velocity. 


These runs were considered to be not usable due to tho large scatter of 
data, An attempt was made to determine the cause of the erratic data by 
observing and photographing the flow over the model and on the ground board 
with the use of tufts, It was found that the tufts indicated the flow over 
the upper surface of the fuselage and at the base of the model was erratically 
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SUMMARY (Cont'd) 


CESE) 


stalling and cleaning up at a rapid rate. This condition aecounted for some 
of the data scatter but the problem was complicated by the small magnitude of 
the forces involved, compared to the range of the Wind Tunnel balances, and 
further by the relatively large moment transfers, For these reasons ‘the 

data were not considered to be reliable and aremot presented; 
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53 Standard configuration; includes WAB4FAV,O4JM = *16 


also equals WyByPAV303X,g 


8 ; 1 
55 WAD FAV, 05 
1 K የ 
8+. Wy By FAV O.M 
Wa Wings delta wing with leading edge swept back 559, flat 


plate section ,50 inches thick with rounded leading edge and 
beveled trailing edge, tips cut off of basic delta planform, 


full span elevons having constant chord of 8% of root chord, 
CVAC Dwge No, WT-5125000 


Wo Wing Wy with large chord elevons equal to 10% of root chord, 

We Wing We with tip extensions completing the basic delta planforme 

Wy Wings same planform and elevon as Wa but with NACA63=009 

0 airfoil section throughout. 

H. Wings same as Wa but with leading edge glove consisting of 
Sheet stock bent to a sharp leading edge radius. 

T Wing tip extension, metal triëngle to complete the basie 

1 delta wing planform, left side only. 

T Wing tip extensions; triangles to complete the basic delta 
wing planform;airfoil sections extended to tip, 

B Body; no duets, includes dummy spinner when propellers 
are removed 

By Bodys similar to B but has slightly refaired lines and 
includes a faired=in pilots enclosure, 

C Canopys associated with body B only. 

Va Vertical tails; leading edge swept back 409, NACA63=009 
airfoil section, partial span rudders with constant chord 
equal to 14,5% of root chord, Subseript U and L refer to 
upper and lower tails respectively. 

Va | Vertical tails, same as Vz above except rudders which were 
full span and chord equal to 25% of local tail chord, 

Ve Vertical tails; same as Vz except rudders are full span. 
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DESCRIPTION OF MODEL COMPONENTS (Cont'd) 


0 033905 5 small 01908 on vertical tails, large oleos on wing 
tips, used only in early part of test. 


04 Oleos; correct oloos for this test e CVAC Dwg, Nos WI=51=5001 

01 Oleos; wing oleos same as in 04, tail oleos are slightly 
smaller than în Du, 

Ow Oleos on wing only; part of either 03 or o; 

os Small oleos on vertical tails onlys part of 04 

0. Large oleos on vertical tails onlyg part of 04 

M Machine gun pods mounted on wing tips = CVAC Dwg, No. WT-51-5001 

F Ele von actuator fairings, lower surface of wing 

A የን O consist of an extension and 


fairing of the tip of each vertical tail. The ones used 

in Runs 16 thru 19 were made of unfinished balsa and were 

tested without vertical tail oleos. A new and better finished 
set were made for the latter part of the test and were & part 

of the standard configuration. They were tested with and without 
the tail oleos on. 


"is Fillets minimum size fillet to appropriately fair intersection 
of wing, oleo and gun pod, Also denotes gun pod lowered so 
top is even with top of eleo. Subscript R denotes right side only. 

X» Fillets; maximum size, otherwise same as Xipe Subscript L 

L denotes left side only. 

s Fillet; maximum size, gun pod centered on wing tip 

Xap Fillets; minimum size, gun pod off, oleo on 

X5: Includes gun pod, wing oleo and fillet, pun pod faired to 
have circular sections, appropriate fillet 

Xer, Includes gun pod, wing oleo and fillet, gun pod is dropped 
so that top is level with top of wing, oleo remains centered, 
minimum fillet 

Tg Includes gun pod, tip fairing in place of oleo and fillet, 
gun pod level with top of wing, minimum fillet 

Xar, Same as Xy, with fillet brought forward on gun pod so that 


it fillets from pod to wing 
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DESCRIPTION OF MODEL COMPONENTS (Conttd) 


Xor Same as Xg, with nose of fillet drooped about 3/4" on pod 
Zio Ineludes oleo, gun pod and fillet, Gun pod is tilted 
L 45° in front view, minimum fillet 
Au Same as Ao, with slightly larger Pillet 
Xin Same as X44 with gun pod tilted to 909, flat with wing, minimum 
fillet, <b 
Zuse Includes gun pod, oleo and fillet. Gun pod is mounted flat 
0 under wing with appropriate fillet 
X44 Includes gun pod, oleo and fillet. Gun pod centered on wing 
L tip, straight sharp leading edge fillet 
aing 008 
X45 Same as X44 except round nose minimum fillet 
G Ground pleno to simulate conditions with the airplane hovering 
close to the ground. Subscript O refers to airplane setting 
on oleos, but with oleos in fully extended position. Subseript 
2.4 means oleos 24 inches full scale off the ground. 
P Propellers (Propellers adapted from CVAC Dwg, Wo. XM-46-041) 
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Definitions 
MDP Minimum drag and polar test (sensitive drag balance setting). 
Subscript 6 on P indicates that six component data are takene 
P Polar tests pitch angle variation (ፖራ = constant), subscript 
6 indicates that six component data wére takene 
Y Yaw test, yaw angle variation (X = constant), subscript 6 
indicates that six component data were taken, 
D ` H e 3 
of Constant thrusts desired T, set at zero pitch or yaw and RPM 
held constant for all other angles. 
H Powereoff condition corresponding to hovering with cross-wind. 
SH Static hovering; no crossewindg various RPM's set and 
thrust measured. 
HP Hovering power with crossewinds maximum model power sete 
Presse Pressure distribution around model measured by means of "mice", 
Tuft Photographs taken of flow around model as indicated by thread 
Photos tufts taped to surfaces 
Coefficients 
Cr lift coefficient (1ift/g$) 
Cp drag coefficient (drap/g$) 
p 
dh 
Cp, parasite drag coefficient (Cp = AR) 
Ka pitching moment coefficient (pitehing moment /a88) 
C4 rolling moment coefficient (rolling moment/qSb) 
Ca oross=wind force coefficient (62088 wind foreo/q8) 
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Coefficients (cont'd) 


Cn yewing moment coefficient’ (yawing moment/qSb) 
m? EA 8 8 TN y ag Ci 
T. thrust coefficient (thrust/qg) 


Subscript 2158 on all moment coefficients refers to the horizontal 
location of the center of moments, Vertical location of the center 
of moments is shown on pages 5 and 6, 


Symbols 
Xp geometric angle of attack of the wing reference plane 
relative to tunnel axis 
OC angle of attack of the wing reference plane relative to 
equivalent free stream 
We geometric angle of yaw of the model plane of symmetry 
relative to tunnel axis 
by elevon angle when deflected as an elevator, referred to 
wing chord plane 
dy rudder angle, referred to chord of vertical tail 
4 elevon angle when deflected as an aileron, referred to 
S wing chord plane, Equal deflections of both ailerons 
are shown by ono figure, the sign of the left sileron is 
given above the sign of the right 
Sa rudder deflection when rudders are deflected as ailerons, 
"ን also known as rudderons, referred to chord of vertical 
tail. Equal deflections of both ailerons are shown by 
one figure, the sign of the rudder on the upper tail is 
given above the sign of the rudder on the lower tail 
6 propeller blade angle at „75 radius 
Ap increment in statie pressure from the free stream reference 
di uncorrected dynamic pressure 
2 
a dynamie pressure averaged over model span (1/24v?) 
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Symbols 


the tunnel airspeed calibration so that in the above 
formulae ሥ is to be taken as the free air density 
unaffected by compressibility. ) 


8 winę area 

© mean aerodynamic chord 

b wing span 

n propeller speed in revolutions per second 


D propeller diameter in feet 
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V average airstream velocity ® V 24/2 
2 mass density of air (Note: A correction is applied in 
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NS, COBFFICIENTS AND SYMBOLS (Cont'd) 


average airstream velocity = (ER 


/? mass density of air (Note: A correction is applied in 
the tunnel airspeed calibration so that in the above 
formulae ,? is to be taken as the free air density 
unaffected by compressibility. ) 


8 wing area 

e mean aerodynamic chord 

b wing span | | 

n propeller speed in rovolutions per second 


D _propeller diameter in feet 
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DEFINITIONS, COEFFICIENTS AND SYMBOLS (Cont'd) 


Symbols 
V average airstream velocity m V 29/7 
/? mass density of air (Note: A correction is applied in 
the tunnel airspeed calibration so that in the above 
formulae /” is to be taken as the free air density 
unaffected by compressibility. ) 
S wing area 
o mean aerodynamic chord 
b wing span 
n propeller speed in revolutions per second 
D .propeller diameter in feet 
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